Pig and calf aortic valves have been used as heterograft replacements in 23 patients with severe aortic valve disease at St. Vincent's Hospital, Melbourne (O'Brien and Clarebrough, 1967) . This paper records our assessment of these valves, and our views on the current indications for their use, their functional performance, and their place as a possible alternative to other types of aortic valve. Work in this field was first reported from Paris by Binet, Duran, Carpenter, and Langlois (1965) , and our initial studies were reported in 1966 (O'Brien and Clarebrough). There are several features of heterografts which make us feel justified in using them.
Firstly, no heterograft has been complicated by embolism. This advantage, shared by homograft valves, makes anticoagulants unnecessary. Although anticoagulants have lessened the thromboembolic complications of prosthetic materials, their use carries a small morbidity and mortality, so that lack of need for such therapy is one of the most appealing features of organic valves. In women of child-bearing age, and particularly in 'Present address: Chermside Chest Hospital, Brisbane, Australia patients from country centres, where safe and effective anticoagulant control is not always obtainable, we have found heterografts to be of great advantage.
Secondly, the incidence of infection of heterografts and homografts is much lower than that of prosthetic valves. It is likely that formaldehydepreserved valves offer some resistance to early infection (O'Brien and Clarebrough, 1966) .
Thirdly, we think the heterograft valve should give a better haemodynamic result than either the prosthetic or homograft valve. In patients with a small aortic root, the heterograft has a wider valve orifice than that of the small prosthetic valve. Since a wide range of suitable sizes of the graft is readily obtainable (Fig. 1) , the incidence of aortic incompetence with the technique employed should be negligible and less than that reported by the homograft workers (Barratt-Boyes, 1964; Barratt-Boyes, Lowe, Cole, and Kelly, 1965) . However, Ross (1966) has recently reported a significant reduction in the incidence of incompetence, and in the early operative experience of homografts it was not fully appreciated that ample redundancy of leaflet tissue was necessary for full 387 competence (Smith, 1967) . At present one patient in our series has a soft diastolic murmur without peripheral signs, suggesting that the incompetence is of little functional significance.
Fourthly, organic valve tissue has shown its durability for at lea-t eight and a half years in the follow-up reports (Kerwin, Lenkei, and Wilson, 1962; Bigelow, Yeo, Aldridge, Heimbecker, and Murray, 1964) of homograft valves inserted in the descending thoracic aorta in 1956 (Murray, 1956) . Although this series is small, no prosthetic aortic valve has been followed for a comparable period.
Lastly, less important reasons for the preference for organic valves include the low cost of establishing a readily available valve bank and the fact that patients are unaware of the movements of these valves, whereas the clicking noise of a ball-valve prosthesis is sometimes disconcerting.
Against these advantages should be set the unknown long-term fate of aortic valve heterografts, and particularly the possibility of calcification and rupture.
VALVE BANK AND TECHNIQUE
The heterograft valve bank was established in 1965 and the first operation was performed in February 1966 (O'Brien and Clarebrough, 1966) . The method of establishing the animal valve bank has been previously presented (O'Brien, 1967) .
The non-sterile valves are collected immediately after the animals have been killed at the abattoirs. They are excised in a tissue block leaving attached a few centimetres of aorta above and a small rim of myocardial muscle and mitral valve below. Wool is packed into the aortic sinuses to retain the shape of the cusps and valve annulus. The valves are preserved and sterilized with buffered acid formaldehyde solution (Paneth and O'Brien, 1966) , which is periodically changed according to the pH measurements of the fluid, during the next several weeks. The mitral valve, aortic wall (except for a 5-to 6-mm. rim), and all of the ventricular muscle are then dissected from the valve. The effective area of mobile valve tissue out to the annulus or aortic rim is increased (Figs 2A and B) by removal of all ventricular muscle which supports the base of two leaflets (most human aortic valves are not so supported). The aortic wall and annulus around its entire circumference constitute the rim for suturing. Sixteen of the implanted valves remained in the formaldehyde solution prior to use for three or more months (Table I phonocardiography revealed, in most of the patients, normal movement of the second heart sound and a soft, short aortic systolic murmur, the carotid upstroke being normal (Fig. 3) In many of the patients the heart size on the chest radiograph has already decreased and the E.C.G. tracing has shown lessening of the inversion of the S-T segments and T waves.
No clinical evidence of embolism has occurred in any of the patients, including those on anticoagulants because of a mitral ball-valve prosthesis.
HAEMODYNAMIC STUDIES Aortic and right heart pressure measurements, cardiac outputs, and cineaortograms have been performed in three patients so far (cases 1, 4, and 6) ( Table III) . There has been a reduction in mean pulmonary artery and wedge pressures at rest. The rapid upstroke of the arterial pulse, indicating relief of the obstruction, is seen in Figure 4 .
Left ventricular pressures were not measured because of concern that the catheter might cause damage to the recently inserted heterograft. For reasons as yet unknown, the mean systemic blood pressure was higher than the expected normal.
There has been considerable improvement in cardiac output in cases 4 and 6, whereas that of case 1 has remained unchanged, the pre-operative level being normal.
Cine-aortograms in three patients, none of whom has clinical evidence of aortic incompetence, are illustrated. The cine films demonstrate no incompetence in case 1 (Fig. 5) , a 'puff' of regurgitant dye in case 6 (Fig. 6) , and a mild incompetence in case 4 (Fig. 7) . These cine frames have been taken at the maximum aortic opacification during diastole. Figure 7B leaflet tissue which prolapses slightly into the left ventricular cavity. In Fig. 2 a suggested reason for this appearance is illustrated. After excision of ventricular muscle, the right and, to a lesser extent, the non-coronary cusps are increased in breadth (Fig. 2B) . The cusps are below a line drawn through the aortic rim on each side and appear prolapsed as in the diagrammatic representation of the aortogram (Fig. 2C) . By suturing the heterograft commissure a little higher up the host aortic wall, the cusps are 'hitched' up, minimizing or preventing this prolapse. We hope to restudy this patient after another year in order to determine any change in the appearances of the cusps. 
DISCUSSION
The heterografts have been used in patients with severe symptomatic disease and this explains the high proportion of patients with double valve replacements in this series. We have been impressed by the improvement of the patients, by the clinical evidence of normal aortic valve function, and by the valve movements as seen on angiography.
FATE AND PRESERVATION There has been no case of valve dehiscence or late failure, although the follow-up has not been long (five to 14 months). Close observation of these patients will be necessary.
In vitro tests of the tensile strength of heterograft valve tissue have not been performed, since we think that such tests are not entirely applicable to the in vivo function and fate of the valve. We think there occurs on the heterograft valve some early fibrinous and cellular deposition which may contribute to its tensile strength. We think that later there is endothelialization, though Smith (1967) did not find any true endothelialization on homografts.
Buffered acid formaldehyde has been selected as the preservative and sterilizing agent. Because of the ready availability of heterograft valves, and because of the simplicity of this method of preservation and sterilization, the establishment of a valve bank has presented no major problem. To our knowledge there has been only one published report of the use of a formaldehydepreserved valve (Paneth and O'Brien, 1966) : this was a homograft. In this patient aortic regurgitation of mild degree developed on the tenth postoperative day. Re-operation because of increasing valve incompetence was performed three and a half years later. Considerable disorganization of the valve had evidently occurred. This valve had been subjected to abnormal haemodynamic stresses and no conclusions regarding the influence of formaldehyde preservation on the subsequent valve degeneration in this single case can be reached. Nevertheless, some caution is exercised in recommending formaldehyde preservation. A critical review of the various available techniques will be necessary.
IMMUNOLOGICAL REACTION
There are several reasons why there is no host reaction against the transplanted heterograft aortic valve. Firstly, the valve tissue probably has a low content of transplantation antigens (Nossal and Mackay, 1966) . This is because the tissue, being composed predominantly of collagen and elastic fibres, is poor in cell membrane constituents. Secondly, the preservation in formaldehyde with the consequent
